Methods-In this observational study, cord blood samples were collected from 60 infants of healthy women for the measurement of insulin and C peptide concentrations. Maternal weight, height, body mass index (BMI) and body composition (skinfold thickness measurements and bioelectrical impedance) were assessed at 13-15 weeks of gestation. Twenty five of the volunteers agreed to have a 75 g oral glucose tolerance test at 28-31 weeks of gestation. BMI (r=0.44, p=0.002 and r=0.33,  p=0.008, respectively) . There was no significant correlation between cord insulin or C peptide concentrations and birthweight or birth weight centiles. Conclusion-Maternal BMI could be a predictor of fetal cord insulin concentration. (Arch Dis Child Fetal Neonatal Ed 1999;81:F122-F124) 
Insulin and related peptides are major anabolic factors in the regulation of intrauterine growth. Increased deposition of adipose tissue and enhanced lean body mass have been observed in hyperinsulinaemic infants born to diabetic mothers. These findings have also been confirmed in experimental studies on animals with induced hyperinsulinaemia. 1 On the other hand, the risk of macrosomia (defined as birthweight > 4000 g) was higher among the infants born to non-diabetic obese mothers 2 than among the non-obese ones. Obese gravid women have a higher incidence of fasting hyperglycaemia and increased insulin resistance. 3 4 In a study by LanghoV-Roos et al, 5 maternal fat mass at 37 weeks was associated with maternal basal insulin concentration. There is little information on the relation between maternal BMI (as a convenient measure of maternal obesity) and fetal insulin concentrations.
Methods
Sixty caucasian women were recruited at the antenatal booking clinics of the Northern General Hospital, SheYeld. All of them were healthy, normotensive, and non-diabetic with singleton pregnancies. Maternal weight (using a Seca 760 scale, Cranlea, Birmingham), height and body composition (using bioelectrical impedance analyser (BIA) and skinfold thickness measurement (STM)) were measured in early pregnancy (13-15 weeks) . Maternal body mass index (BMI) was calculated as maternal weight/height 2 (kg/m 2 ).
A four electrode bioelectrical impedance analyser (BIA, E-Z 1500, Cranlea, UK) is a convenient method of measuring body composition. This method has been used to assess body composition in pregnant women, with no reports or evidence of any harm to the mother or to the fetus. 6 7 During measurements, the women wore clothes but no footwear, and were supine on a couch. Measurements were taken on the left side of the body. After cleaning with alcohol and drying all skin contact areas, arginine foil spot electrodes were placed on the dorsal surfaces of the hands and feet at the distal metacarpals and metatarsals, respectively, and also medially between the distal prominences of the radius and the ulna and between the medial and lateral malleoli at the ankle. A small electric current was run through the volunteer and the voltage drop was detected with the proximal electrodes. Fat is a poor conductor of applied current; lean tissue comprising water and electrolytes is highly conductive. Total body water was therefore measured and lean mass (LM) estimated from this, by assuming that a certain proportion of this tissue is water. Body fat mass (FM) can then be determined by subtracting the estimate of lean mass from the total weight.
Maternal fat mass was also estimated using skinfold thickness measurements (Holtain callipers, Holtain LTD, Crymych, UK). 8 Skinfold thickness was measured by pinching a fold of skin with associated subcutaneous fat between the jaws of Holtain callipers at the predetermined sites (triceps, biceps, subscapular and supra-iliac). The sum of the skinfolds was converted to an estimate of body density, using the formula developed by Durnin and Womersley. 9 Siri's equation 10 was then used to estimate fat mass.
Cord vein blood samples were collected at delivery from the neonates (gestational age: 38-41 weeks). The samples were centrifuged, the plasma separated and stored at −20°C before assay.
Twenty five of the volunteers agreed to a 75 g oral glucose tolerance test at 28-31 weeks of gestation. Plasma glucose was assessed using a glucose oxidase method with a glucose analyser (Yellow Springs Instrument [YSI], Model 23 AM, Clandon Distributor, UK). Plasma insulin was measured using an in-house double antibody radioimmunoassay technique. Guildhay's RIA kit (Guildhay Ltd, Guildford, Surrey, UK) was used for the determination of C peptide concentrations. The interassay and intra-assay coeYcients of variation were 7.4% and 6.8% for insulin, 8.5% and 6.4% for C peptide, respectively. Haemolysis to any degree can aVect the accuracy of the insulin assay but not the C peptide concentration. 11 Therefore, C peptide was measured in all the samples, but insulin concentrations were assessed only in those who were not obviously haemolysed (n=48).
Infant birthweight and gestation were recorded at delivery. To account for variations in birth weight attributable to diVerences in sex and gestational age, birthweights were converted to their respective centiles, as defined by Gairdner and Pearson. 12 The study was approved by the Ethics Committee of the North SheYeld Hospitals. All 60 volunteers signed consent forms.
The data were analysed using the Statistical Package for Social Sciences (SPSS Version 9). Significance was assessed as a p value of less than 0.05.The Spearman correlation coefficient was used to investigate the correlation between infant birthweight and various maternal and fetal variables. Linear regression analysis was undertaken following a log transformation of skewed data.
Results
The physical characteristics of the subjects are shown in table 1.
As might be expected, there was a significant correlation between insulin and C peptide in cord blood; r= 0.41, p=0.002.
The correlation between maternal early pregnancy BMI and cord insulin and C peptide concentrations is shown in figs 1A and B. Both cord insulin and C peptide concentrations were significantly associated with maternal BMI and fat mass (estimated by each method) (table 2).
Infant birthweight was positively correlated with maternal early pregnancy BMI (r=0.43, p=0.007) and also with maternal fasting glucose in the third trimester (r=0.39, p=0.02). A significant correlation was observed between maternal early pregnancy BMI and maternal fasting glucose (r=0.55, p=0.0001, n=25). There was no correlation between maternal fasting glucose and cord insulin (r=0.002 p=0.99, n=19) or C peptide concentrations (r=0.09 p=0.65, n=25).
There was no significant correlation between infant birthweight and either cord insulin or C peptide concentrations (table 2) . Normalisation of birthweight for sex and gestational age diVerences-that is, conversion to birthweight centiles-did not improve the correlations; r=0.20, p=0.16 and r=0.10 and p=0.42, respectively (fig 2) .
Discussion
As the major substrate for fetal energy metabolism, glucose crosses the placenta via carrier mediated facilitated diVusion. There is no evidence that insulin can cross the placenta from the mother to the fetus, or vice versa, in any significant amount in humans. 13 Although the molecular weight of C peptide is about half that of insulin, clinically insignificant placental transfer of this peptide has been reported. 14 In the model of diabetic pregnancy proposed originally by Pedersen, 15 it is presumed that excessive maternal glucose crosses the placenta and stimulates insulin production in the fetus. In support of this model, there are studies in humans which show a positive correlation between cord C peptide and/or insulin concentrations and infant birthweight. 16 17 Lin et al 14 suggested that persistently low production of insulin in small for gestational age (SGA; birth weight centile <10) and high production of insulin in large for gestational age (LGA; birth weight centile > 90) infants might explain the observed diVerences in intrauterine growth rates. In our study, there was no correlation http://fn.bmj.com/ between infant birthweight and cord insulin or C peptide concentrations. The limited number of observations together with high variability among measured cord insulin and C peptide concentrations may have caused this lack of correlation. We observed a significant correlation between cord insulin and C peptide concentrations, which is similar to the study of Stanley et al. 16 This is to be expected as they are secreted in equimolar amounts from -cells. Lin et al, 14 however, reported no close association between these two variables. They explained that this discrepancy could have been due to the diVerences in hepatic and peripheral clearance of insulin and C peptide.
Figure 1 Correlation between early pregnancy BMI and cord insulin (A) and C peptide (B). Straight line indicates the best fit line and the dotted curves show the 90% confidence interval for individual predictions.
What makes our study unique is the finding of a positive significant correlation between maternal early pregnancy BMI, and in particular maternal fat mass, with both cord insulin and C peptide concentrations at birth. Maternal fat mass has been associated with maternal basal insulin concentrations in a study of 56 Swedish women by LanghoV-Roos et al. 5 In a recent study by Silliman and Kretchmer 18 on the relation between maternal obesity and infant adiposity in 37 subjects, a higher insulin concentration in the obese than the lean mothers was reported at 35-36 weeks of gestation.
The significant correlation between maternal BMI, in particular fat mass, with fetal insulin observed in our study of healthy women, is interesting, but the mechanism behind it needs further investigation with concurrent measurement of maternal glucose and insulin in late pregnancy. It may well be that maternal BMI has an essential role in the increase in maternal glucose via insulin resistance, which could result in higher secretion of insulin in the fetus, eventually producing a bigger infant.
We speculate that reducing maternal BMI, or more precisely, maternal fat mass, might have an impact on the incidence of fetal hyperinsulinaemia and consequent macrosomia. Further research is required to test this assumption.
